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率与氧分压无关，并随着氧化铝含量的增加略有减小，但含 2 mol %氧化铝样品

































Lanthanum gallate doped with Sr and Mg exhibits high oxygen ion conductivity, 
high oxygen ion transference number and good stability. There are growing interests 
in study this kind of promising electrolytes for intermediate temperature solid oxide 
fuel cells (ITSOFCs). In this study, four-probe impedance spectrometry and 
Hebb-Wagner polarization were applied to study the electrical conductivities of series 
Al2O3 doped La0.9Sr0.1Ga0.8Mg0.2O3-δ and Co doped La0.8Sr0.2Ga0.8Mg0.2O3-δ 
electrolyte. The change in average valence number of Co and oxygen vacancy 
concentration with oxygen partial pressure in Co doped La0.8Sr0.2Ga0.8Mg0.2O3-δ were 
estimated by thermo-gravity analysis. The oxygen ion transference numbers of Co 
doped La0.8Sr0.2Ga0.8Mg0.2O3-δ samples were measured using the e.m.f. method. 
The electrical conductivities of alumina dispersed La0.9Sr0.1Ga0.8Mg0.2O3-δ were 
studied in detail. The results demonstrated that the total electrical conductivities in the 
samples, which showed no obvious dependency on oxygen partial pressure, decreased 
with the increase in the concentration of Al2O3. However, the electrical conductivity 
of La0.9Sr0.1Ga0.8Mg0.2O3-δ doped with 2 mol % Al2O3 was still as high as 0.09 S•cm-1 
at 1073 K. The hole conductivity showed no strong dependency on the amount of 
alumina in the sample, while the electron conductivity decreased with increasing 
amount of alumina monotonously. The oxygen ion transference numbers of the 
samples were all higher than 0.99. Taking the electrical conductivity and mechanical 
strength into consideration, it can be concluded that it could be an acceptable method 
to improve the mechanical strength of La0.9Sr0.1Ga0.8Mg0.2O3-δ by doping small 
amount of Al2O3.  
Electrical conductivities of Co doped La0.8Sr0.2Ga0.8Mg0.2O3-δ samples were 
studied in detail. The results showed that the electronic conductivity of Co doped 
La0.8Sr0.2Ga0.8Mg0.2O3-δ increased with increasing amount of Co. Further, the PO2 
dependencies of hole conduction decreased with increasing amount of Co in the 















after the addition of Co. The oxygen ion conductivity of the samples increased with 
increasing amount of cobalt. Further, the oxygen ion conductivity of 
La0.8Sr0.2Ga0.8Mg0.2O3-δ had no dependency on oxygen partial pressure. However, the 
oxygen ion conductivities of Co doped La0.8Sr0.2Ga0.8Mg0.2O3-δ samples increased 
obviously with the decrease in oxygen partial pressure especially under high oxygen 
partial pressures. The change in oxygen vacancy concentration and average valence 
number of Co with oxygen partial pressure for Co doped La0.8Sr0.2Ga0.8Mg0.2O3-δ were 
estimated by thermo-gravity analysis for the first time，which unveiled the reason 
leading to the change in the properties of electronic and oxygen ion conductivities of 
La0.8Sr0.2Ga0.8Mg0.2O3-δ after the addition of Co.  
Multiple modified e.m.f. techniques were applied to measure the oxygen ion 
transference number of series cobalt doped La0.8Sr0.2Ga0.8Mg0.2O3-δ samples. The 
oxygen ion transference number of Co doped La0.8Sr0.2Ga0.8Mg0.2O3-δ decreased with 
increasing amount of cobalt. Further, the electrode polarization resistance had strong 
effect on the accuracy of the measurement. As a result, the modified e.m.f method 
must be applied to measure the oxygen ion transference number while using Pt as the 
electrodes.  
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(Alkaline Fuel Cell，简称 AFC)、磷酸燃料电池(Phosphorous Acid Fuel cell，简称
PAFC)、熔融碳酸盐燃料电池(Molten Carbonate Fuel Cell，简称 MCFC)、固体氧
化物燃料电池(Solid Oxide Fuel Cell，简称 SOFC)及质子交换膜燃料电池(Proton 






电解质的电导率显著增加，因此 SOFC 需要在较高的温度下工作。 













































2O2− + 2H2 = 2H2O +4e                                    (1.2a) 
或  4O2− + CH4 = 2H2O + CO2 +8e                              (1.2b) 
电池的总反应是： 
2H2 + O2 = 2H2O                                         (1.3a) 
















    ΔG = - n F Eth                 (1. 4) 
其中ΔG 为反应的 Gibbs 自由能变化，n 为单位反应的电子转移数，F 为法拉第常
数，Eth 为可逆电压。 

















Fig.1-1 Schematic principle of an SOFC single cell 
 燃料电池的理论最大效率 EFFmax为： 
 EFFmax = ΔG / ΔH                 (1.5) 
ΔH 为反应的焓变。当⏐ΔG⏐>⏐ΔH⏐时，电池将吸收外界的能量转换为电能，使
理论效率大于 1。电池的实际效率 EFF 为: 
EFF = EFFmax Ecell / Eth I / Im ε            (1.6) 
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